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論 文 内 容 要 旨 
 
 
A langasite-type piezoelectric crystal with A3BC3D2O14 structure, especially a langasite-
type crystal with four elements, has been found to be a suitable substrate for a high 
temperature pressure sensor in the automobile combustion chamber. The electrical resistivity 
of bulk crystal used as the high-temperature pressure sensor is required to be at least 10
10
 
Ω•cm at temperatures up to 400 °C.   
The crystal-site structure describes possible locations for constituent elements and metal 
vacancies. The presence of metal vacancies is closely related to the carrier concentration of 
the crystal and dominates the electrical conductivity. Hence the survey of the location of the 
vacancy is important. Following the Hume-Rothery rule [1] for solid solution, eight crystal-
site structures were proposed for CTGS. Through the analysis of the degrees of freedom for 
each site in CTGS, which takes mass conservation, charge balance and chemical potential 
equilibrium into consideration [2], three crystal-site structures out of eight were possible to 
exist. The possible crystal-site structures were labeled as the VA, VB, and VC model, which has 
metal vacancy locates at A, B and C site, respectively. 
The study of the solid-solution region of the compound is important in both views of 
science and technology of crystal growth: 1. The solid solution range characterizes the 
composition shift from the stoichiometric composition of a crystal, which reveals the 
occupancy of a vacancy and anti-site defects. 2. A narrow solid solution range usually 
accompanies a highly ordered structure, as atoms are restricted to specific sites and thus a 
 highly homogeneous bulk crystal is expected. However, no study on solid solution range in 
langasite-type crystal with four elements has ever been reported.    
This thesis focuses on a langasite-type crystal with four elements with composition of 
Ca3TaGa3Si2O14 (CTGS), including the crystal-site structure of CTGS and its solid solution 
range.  
In langasite–type crystal with A3BC3D2O14 structure, site A is always fully occupied. 
Three compositional series of CTGS, Series I, II and III, were synthesized. In Series I, CaO 
and Ta2O5 are constant, while Ga2O3 and SiO2 are variable, in Series II, CaO and SiO2 are 
constant, while Ga2O3 and Ta2O5 are variable, in Series III, CaO and Ga2O3 are constant, 
while SiO2 and Ta2O5 are variable. The conventional XRD analysis was insufficient to 
determine the solid solution range for CTGS as the intensities of the secondary phase 
reflection peaks were not strong enough to allow quantitative analysis. We therefore applied a 
lever rule to examine the proportions of secondary phases [3], analyzed by backscattered 
electron image (BEI) observations combined with EPMA analysis.   
The BEI observation results in Series I to III showed that one or two phases among four 
secondary phases were possible to coexist with CTGS phase: Ca3Ta2Ga4O14 (CTG), CaTa2O6 
(CT2), CaSi2O5 (CS2) and Ca3Ga4Si2O14 (CGS). The variation of proportions of the 
secondary phases associated with the bulk compositions in each serial were determined by 
BEI observation. We subsequently calculated the boundary compositions of the CTGS solid 
solution range by applying a lever rule to the proportions of the secondary phases and the 
CTGS by combining with the composition of the secondary phase. When the initial bulk 
composition yields an equilibrium assembly of a single secondary phase and the CTGS matrix, 
one degree of freedom is available for varying the composition of coexisting CTGS. The 
calculated CTGS compositions corresponding to these initial compositions were varied and 
form a portion of the boundary of the CTGS solid solution. In contrast, when the initial 
compositions produce two secondary phases and CTGS matrix, the corresponding 
compositions of CTGS converge due to the absence of any degrees of freedom. This analysis 
takes the Gibbs phase rule into consideration. Using the results from Series I to III, the CTGS 
solid-solution region was eventually determined to be, CaO-Ta2O5: 15.9-16.6 mol%; CaO-
Ga2O3: 49.6-49.9 mol%; and CaO-2SiO2: 33.4-34.3 mol%. The solid solution range of CTGS 
occupies a Ta2O5-poor, slightly Ga2O3-poor and slightly SiO2-rich region, which supports the 
VB model of crystal-site structure: Si enters site C to compensate the charge imbalance caused 
by vacancy in site B. CTGS has a narrow solid solution range when compared with langasite-
type crystal with three elements, which suggested CTGS to be more promising in the 
application of high temperature pressure sensors. The procedure used in this study is novel 
 and should be applicable to the assessment of the solid solution ranges for other complex 
oxide materials.  
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 第４章では，CTGS が調和融解物質であることを高温示差熱分析から明らかにし，CTGS 単結晶育
成時に出現する異相が液体の不混和現象に起因することを異相の形状・組成および結晶分化過程から
説明した。 
 第５章では，本研究のまとめを行い，第３章で示した「てこの法則」による固溶体領域組成の決定
法が一般に多成分物質に適用されることを述べた。 
 
 以上の研究成果は，自立して研究活動を行うに必要な高度の研究能力と学識を有することを示して
いる。したがって，趙 衡煜提出の博士論文は，博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
 
